Salivary gland-type neoplasms of the breast are uncommon and comprise numerous entities analogous to that more commonly seen in salivary glands. The clinicopathologic spectrum ranges from benign to malignant but there are important differences as compared with those of their salivary counterpart. In the breast, benign adenomyoepithelioma is recognized in addition to malignant one, whereas in the salivary gland a histologically similar tumor is designated as epithelial-myoepithelial carcinoma without a separate benign subgroup. Mammary adenoid cystic carcinoma is a low-grade neoplasm compared with its salivary equivalent. It is also important to appreciate that in contrast to "triple negative" conventional breast carcinomas with aggressive course, most salivary-type malignant breast neoplasms behave in a low-grade manner. Most of these tumors are capable of differentiating along both epithelial and myoepithelial lines, but the amount of each lineage-component varies from case to case, contributing to diagnostic difficulties. Well established examples of this group include pleomorphic adenoma, adenomyoepithelioma, and adenoid cystic carcinoma. Another family of salivary gland-type mammary epithelial neoplasms is devoid of myoepithelial cells. Key examples include mucoepidermoid carcinoma and acinic cell carcinoma. The number of cases of salivary gland-type mammary neoplasms in the published data is constantly increasing but some of the rarest subtypes like polymorphous low-grade adenocarcinoma and oncocytic carcinoma are "struggling" to become clinically relevant entities in line with those occurring more frequently in salivary glands. © 2010 Elsevier Inc. All rights reserved.
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Breast; Triple negative carcinoma; Adenomyoepithelioma; Adenoid cystic carcinoma; Mucoepidermoid carcinoma Salivary gland-type tumors of the breast are rare benign and malignant neoplasms with a broad histologic spectrum analogous to that more commonly seen in salivary glands. 1, 2 The basic morphologic structure of the tubulo acinar exocrine glands of the breast and salivary glands perhaps account for the occurrence of identical tumor types, 3 whereas the specialization of the acinar cells to secrete milk vs saliva and the difference of hormone receptor expression in these organs explains, at least in part, the clinicopathologic differences. The published data on salivary gland-type tumors of the breast mostly consist of small series or case reports, hence data on their frequency and clinical behavior are rather limited. However, the number of these tumor entities has trebled since the first review on this topic in 1970. 4 Familiarity with these rare tumor types and distinguishing them from their mimics is important not only for prognostication but also for selecting the correct therapy. This is exemplified by the fact that even though the malignant tumors in this group are immunohistochemically "triple negative," most of them, in contrast to the more common basal-like mammary carcinomas, tend to behave in a lowgrade manner. The purpose of the present article is not to review all the previously published data but to provide an update on selected salivary gland-type breast tumors.
Salivary gland-type tumors of the breast have been divided into 2 main groups: tumors with myoepithelial differentiation and tumors devoid of myoepithelial differentiation. 2 Breast tumors with myoepithelial differentiation constitute a wide spectrum of lesions ranging from benign to malignant neoplasms. Benign breast tumors with myoepithelial differentiation are represented by pleomorphic adenoma (PA), benign adeno myoepithelioma, and myoepithelioma. Malignant tumors comprise adenoid cystic carcinoma (AdCC), malignant adenomyoepithelioma that has a broad histologic spectrum, and pure malignant myoepithelioma.
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Pleomorphic adenoma
Although PA is the most frequent tumor of the salivary gland, it is only rarely seen in the breast. It usually affects adult female patients aged 19-85 years. Rare cases have been reported in males. [6] [7] [8] PA of the breast is most frequently located in the periareolar region, and probably arises from large lactiferous ducts. It is almost always solitary. On mammographic examination, PA can mimic a carcinoma 9, 10 mainly because of the presence of irregular calcifications. Similarly, a suspicion of malignancy may arise on examination of cytologic smears. 11, 12 On histology, PA of the breast is similar to that of salivary glands and has a broad morphologic spectrum ( Figure 1 ). Specifically, it presents as a neoplastic proliferation composed of ductules, sheets, nests, and cords of epithelial and myoepithelial cells intermixed with mesenchymal elements in a myxoid, myxohyalinized, or myxochondroid background. Focal papillomatous areas may be seen in some of the cases. The phenotype of the neoplastic myoepithelial cells, similar to myoepithelioma and adenomyoepithelioma, is not always epithelioid but can be spindle or plasmacytoid with a "hyaline" cytoplasm. 13 The myoepithelial cells may form a fine reticular growth pattern. In most examples, scattered double-layered glandular structures lined by luminal epithelial cells beneath which are the abluminal myoepithelial cells which may have clear cytoplasm are also seen. Focal squamous and/or sebaceous metaplasia may also be observed. The distinction of PA from adenomyoepithelioma or even from AdCC can be difficult on a small biopsy material. Islands of well-formed cartilage, as the most common mesenchymal component, with or without ossification/calcification are usually also present. Occasionally, neoplastic cartilage is the major component of the tumor. PA of the breast is surrounded by a thin, but sometimes incomplete, pseudocapsule.
In most PAs of the salivary gland, chromosomal aberrations can be demonstrated. [14] [15] [16] [17] [18] The most common rearrangements involve 8q12 containing the target gene PLAG1 or 12q13-15 with the target gene HMGA2. Other sporadic clonal changes have also been documented. The detection of PLAG1 and HMGA2 translocations by reverse transcriptase polymerase chain reaction (RT-PCR) or fluorescence in situ hybridization may potentially aid in diagnosis. It remains to be seen whether the same chromosomal aberrations can be identified in mammary PAs. 19 Mammary PA behaves in a benign manner (malignant transformation is extremely rare, see in the following paragraphs). Recurrences may occur, especially in cases with multinodular growth pattern or in those that are incom- pletely excised; therefore, adequate surgery and follow-up are recommended. 20 Malignant transformation is a well-known phenomenon in salivary gland PA, whereas in the breast it has been described in 3 cases only. 21 Carcinoma ex-PA of the breast was observed in 3 female patients, aged 86, 60, and 57 years, respectively. In case 2, the nodule had been detected during screening mammography, whereas cases 1 and 3 presented with palpable nodule which appeared a few months before surgery. On histology, all 3 cases showed areas of typical PA with areas of malignant transformation in the form of IDC, grade 3 22 associated with features of matrix producing metaplastic carcinoma. In case 3, areas of chondrosarcomatous differentiation were seen and in situ ductal carcinoma was also identified. The malignant transformation was located mainly at the periphery of the tumor. On immunohistochemistry, the malignant component showed focal positivity for p63 and S-100, in addition to a strong and diffuse positivity for p53. Immunohistochemical staining was negative for estrogen receptor and human epidermal growth factor receptor 2 (HER-2).
The cases of carcinoma ex-PA described in the breast share several features with the salivary gland counterpart, including strong positivity for p53. However, salivary gland cases of carcinoma ex-PA are often characterized by a long history of lump persisting up to 30 years and a prognosis closely related with the local extent of the tumor, specifically whether it is intracapsular or extended beyond the capsule. In addition, the malignant areas are associated with amplification of the HER-2 gene. 23 None of the 3 cases were associated with metastases either to axillary lymph nodes or to distant sites. Case 3 received chemotherapy. Follow-up, even if limited, was uneventful.
Adenoid cystic carcinoma
AdCC is defined as "an epimyoepithelial carcinoma of low malignant potential, histologically similar to the salivary gland counterpart." 24 Breast AdCC is rare, constituting Ͻ1% of all breast tumors. 1, [25] [26] [27] Most of the reported cases affect adult female patients, even if rare cases have been described in males and children. 28 AdCC presents as a palpable nodule/mass, most frequently located in the upper quadrants or periareolar region, of variable size. 2, 24, 27 In recent years, cases detected during mammographic screening programs are on records. Care should be taken in the interpretation of mammograms because breast AdCC can mimic benign lesions. 29 Fine needle aspiration cytology (FNAC) can help to reach a correct diagnosis. On FNAC, mammary AdCC is very similar to the salivary gland counterpart, being characterized by 3-dimensional clusters of cells arranged around small cystic spaces, containing mucin. Neoplastic cells have uniform and bland nuclei. In addition, small spheres of amorphous material are present. Mucicarmine and Alcian blue staining help to confirm the mucinous material. 30 Histologic features are similar to those of AdCC affecting the salivary glands. Specifically, AdCC is composed of epithelial and basal-myoepithelial cells organized in cribriform, tubular (including compressed tubular), and solid patterns (Figure 2A-C) . Neoplastic cells are somewhat polarized around 2 types of oval or rounded spaces: true glandular spaces and pseudolumens. Epithelial cells surround true glandular spaces containing epithelialtype neutral mucin, confirmed by Periodic acid-Schiff (PAS) after diastase staining. On hematoxylin and eosin examination, the epithelial cells surrounding true glandular spaces have round nuclei and eosinophilic cytoplasm.
Basal-myoepithelial cells surround pseudolumens filled with acidic stromal mucosubstance, highlighted by Alcian blue staining, which is hyaluronidase sensitive. In addition, these spaces may contain rare capillaries with adjacent strands of collagen consistent with the concept that the pseudolumens are the consequence of invagination of the peritumoral stroma. Some of these spaces are partly or completely obliterated by "hyaline cylinders" composed of invaginated basement membrane material confirmed by collagen IV ( Figure 2 ) and laminin immunostains, and by ultrastructural studies. 1, 24 On hematoxylin and eosin examination, basal-myoepithelial cells have hyperchromatic, angular nuclei and a thin rim of pale or clear cytoplasm.
Immunohistochemistry can help to recognize the different cell types and their distribution. Epithelial cells are positive with low molecular weight cytokeratin (CK)7 and epithelial membrane antigen (EMA), whereas basal-myoepithelial cells are better highlighted by high molecular weight cytokeratins (CK5/6, CK14) and by other myoepithelial markers like p63, calponin, smooth muscle actin (SMA), and smooth muscle myosin heavy chain. Collagen IV and laminin immunoreact both with the peritumoral basement membrane and its invaginated form filling the pseudolumens (hyaline cylinders). The immunohistochemical profile is of practical value in the differential diagnosis, with the more frequent types of breast carcinomas showing cribriform architecture as cribriform invasive carcinoma, mucinous carcinoma, and polymorphous low-grade adenocarcinoma. The differential diagnosis of AdCC on small biopsy material also includes cellular variant of PA and adenomyoepithelioma. Furthermore, CD117 (c-kit) positivity, wellknown in salivary AdCC, is maintained also in breast AdCC. 31, 32 Arpino et al 27 reported positivity for estrogen receptor (ER) in 46% and progesterone receptor (PR) in 36% of their cases of AdCC. These data are in contrast with other studies because most of the reported cases of breast AdCC were immunohistochemically ER, PR, and HER-2 negative. Differences may be related to the method of detection, as Arpino et al based their data on biochemical assay of the tumor where samples can also contain normal glandular epithelium entrapped within the tumor. Immunohistochemical negativity for ER and PR can be an additional aid in the differential diagnosis with the more common types of breast carcinomas.
In addition to the classical tubular or cribriform architecture, breast AdCC can show prominent solid features. Shin and Rosen 33 described 9 cases of AdCC of the breast mainly composed of cells with basaloid features arranged in solid nests. High mitotic count (Ͼ5 mitoses per 10 high power fields) was observed. Axillary dissection was performed in 6 cases, in 2 of which metastases were detected. Despite the apparent aggressive morphologic features, no further metastases appeared during the reported follow-up (mean, 28 months, range, 2-88 months).
AdCC of the breast can show all the spectrum of features observed in cases affecting the salivary glands, including focal squamous and sebaceous differentiation. 2, 24, 25 Salivary gland AdCC can transform into a high-grade adenocarcinoma (hgAdCC) [34] [35] [36] [37] leading to death of the patient within 5 years. 37 Similarly, a case of AdCC of the breast containing areas of "ordinary" IDC and ductal carcinoma in situ (DCIS) has been observed. 38 The patient, a 63-year-old woman, presented with a 4 cm mass located in the right breast. Radical mastectomy with axillary dissection was performed. Of the 22 axillary lymph nodes, 1 showed metastasis at presentation. Bone and lung metastases appeared 40 months after surgery. On histology, the tumor showed typical features of AdCC, intermingled with IDC-DCIS, both expressing c-kit. Both AdCC and IDC-DCIS shared some genetic alterations as identified by array comparative genomic hybridization. Most probably, this case represents an example of transformation along lines of luminal cells into ordinary DCIS and IDC, similar to the phenomenon described in salivary glands as "high grade transformation." Recently, Noske et al 39 described a case of breast carcinoma showing features of multidirectional differentiation, comprising AdCC, a spindle cell carcinoma and melanoma further supporting the concept that one or more cellular clones can acquire molecular alterations, leading to more aggressive transformation.
Ro et al 40 performed the tumor grading according to the criteria accepted for salivary gland AdCC and stated that G3 cases (solid growth pattern) have a higher rate of metastases and recurrences. This result was not confirmed by Lamovec et al, 25 and Kleer and Oberman. 41 Grading mammary AdCC according to the criteria currently used in cases of breast carcinomas, 22 AdCC results as a grade 1 tumor. Accordingly, the prognosis of mammary AdCC is usually good. Local recurrences can appear, mainly related to inadequate local treatment. 27 Metastases are rare 2,24,27 and usually appear after up to 10 years. It is generally accepted that AdCC of the breast should be treated with simple mastectomy, with no axillary dissection. However, Shin and Rosen 33 reported 9 cases of solid variant of mammary AdCC, with lymph node metastasis detected in 2 of the 6 patients in whom lymph node dissection was performed. They concluded that axillary lymph node dissection should be performed in patients with these features. As a general caution, the diagnosis of solid variant of AdCC is difficult, therefore stringent diagnostic criteria must be applied to exclude mimics of this tumor type. Death related to the tumor has been occasionally described and limited to those cases that could not receive radical surgical treatment. The case of breast AdCC with DCIS-IDC showed a biological behavior more aggressive than that observed in AdCC of the breast, as the patient developed lung and bone metastases; 38 however, tumor progression was not as rapid as observed in salivary glands AdCC with high grade transformation. 37 
Adenomyoepithelioma
Adenomyoepithelioma (AME) is a biphasic, epithelialmyoepithelilal tumor with a predominant proliferation of phenotypically variable myoepithelial cells around relatively small epithelial-lined glandular spaces. In salivary gland, the AME is designated as epithelial-myoepithelial carcinoma and at present, no benign variant is recognized. In the breast, most AMEs behave in a benign manner but malignant transformation may occur (malignant AME) in some. AME of the breast was originally described by Hamperl in 1970 4 and subsequently characterized by Kiaer et al 42 and Eusebi et al. 43 During the last 3 decades, numerous articles have been published (more than 150 cases described) with the aim of defining the several morphologic subtypes and the clinical features. 24 AME usually affects adult female patients, most of them aged Ͼ50 years. 2 Only rare cases have been described in male patients. 44 ,45 AME can present as a nodule, having circumscribed borders, varying in size from 1 to 10 cm. 5, 24 The dominant neoplastic mass may be surrounded by smaller satellite nodules. 24 Preoperative diagnosis of AME may be problematic. Interpretation of FNAC can be difficult because of the great variety of cellular phenotypes and architectural diversity described. 46 In contrast, core needle biopsy may constitute an important tool for a correct preoperative diagnosis 47 because the biphasic differentiation of the tumor is more apparent and can be supported by immunohistochemical studies ( Figure 3A) .
On histology, AME may exhibit tubular, papillary, solid, or a combination of growth patterns. It is typically characterized by excess proliferation of phenotypically diverse myoepithelial cells in close association with glandular structures lined by epithelial cells. In some examples, the glandular structures are formed by 2 phenotypically distinct cell layers. The inner cell layer lining the glandular lumina is composed of eosinophilic epithelial cells, whereas the outer cell layer is typically composed of clear myoepithelial cells. More frequently, the myoepithelial component is multilayered and may form sheets, variably sized nests, or trabeculae, resulting in fields composed entirely of myoepithelial cells. The phenotypic diversity of the myoepithelial cells is striking. Some tumors are composed of predominantly spindle-shaped myoepithelial cells, whereas in others there are mostly polygonal cells with clear, eosinophilic, or oncocytic cytoplasm and, rarely, plasmacytoid myoepithelial cells with hyaline cytoplasm. Accordingly, AMEs can be subclassified as spindle cell, tubular, and lobulated variants. In addition, AME can present a variety of other morphologic features, such as sebaceous, squamous ( Figure 3B ), or apocrine metaplasia in the epithelial component and chondroid or myoid metaplasia in the myoepithelial component. In contrast to malignant adenomyoepitheliomas, mitotic figures are rare (Յ3 mitoses per 10 high power fields) and neither nuclear atypia nor destructive invasive growth pattern is present.
Immunohistochemistry confirms the different nature of the 2-cell components. The eosinophilic cells lining the glandular lumina are immunoreactive with markers of epithelial cell differentiation, (low molecular weight CK, CK7 and CK19, EMA and the apocrine marker, gross cystic disease fluid protein (GCDFP)-15). The clear cells are immunoreactive with markers of myoepithelial differentiation (SMA, calponin, muscle-specific actin, p63, CK14). 48 Breast tumors showing myoepithelial cell differentiation usually do not express estrogen, PRs, or HER-2 amplification. Nevertheless, exceptions to this rule may occur. Recently, we observed a case of AME, affecting a 78-year-old lady, showing diffuse ER expression in both epithelial and myoepithelial cells.
Differential diagnoses include PA, hidradenoma, myoepithelioma, and matrix-producing carcinoma arising in AME. The histologic resemblance to clear cell hidradenoma is especially close. Hamperl 4 regarded mammary hidradenoma as a variant of adenomyoepithelioma; however, Azzopardi 1 stated "it would be wise to reserve judgement on this point." Mammary hidradenomas have been described in both superficial (especially periareolar) and deep mammary parenchymal location. Ohi et al 49 have reviewed 17 examples from the published data. Obviously, those cases which occur in superficial location have to be distinguished from those derived from cutaneous appendages. Histologically, even though they are biphasic like AMEs, they more frequently show perivascular hyalinization, and the abluminal multilayered clear cells have a more uniform, regular appearance with sharp cells borders and monotonous round nuclei than that of myoepithelial cells in AMEs. Limited immunohistochemical studies showed that the absence of key myoepithelial markers (SMA, myosin heavy chain, calponin) in hidradenomas in contrast to AMEs of the breast, which, if confirmed can help in the differential diagnosis, especially of deeply located examples. Clear cell hidradenomas of the breast, whether one regards them as variants of AMEs or not, are benign tumors. About 50% of cutaneous hidradenomas have the t(11;19) resulting in TORC1-MAML2 fusion, representing the same translocation which occurs in mucoepidermoid carcinoma (MEC) and Warthin's tumor. Interestingly, this translocation was also demonstrated in a deeply located hidradenoma of the breast. 50 Most of the reported cases behave in benign manner; therefore, in the last edition of the Armed Forces Institute of Pathology atlas on breast tumors, the term "benign AME" has been introduced. Local recurrences are possible and they appear most frequently when excision is incomplete. Complete excision is usually curative.
Malignancy arising in AME has been described in no fewer than 40 cases 24 ( Figure 4) . It is becoming evident that both epithelial and myoepithelial components can undergo malignant transformation, even if myoepithelial cells are more frequently involved. The malignant neoplasms arising in AME can be classified as myoepithelial carcinoma, epithelial carcinoma, malignant epithelial and myoepithelial components, sarcoma, and carcinosarcoma. 24 In a previously reported series, 51 AME was associated with syringomatous carcinoma (3 cases) and sarcomatoid carcinoma (3 cases). In addition, in 1 case (case 2 of the series) there was a small area of mucoid carcinoma.
On histology the malignant transformation can be obvious but in some cases it is subtle. In the latter instance, the number of mitotic figures is an important diagnostic clue: when they exceed 3 per 10 high power fields there is an increased risk of local recurrences and metastases. 24 In addition, the malignant myoepithelial cells also show high nuclear cytoplasmic ratio and a degree of nuclear pleomorphism. The malignant component frequently shows morphologic and immunohistochemical profile of malignant myoepithelioma.
Prognosis worsens when malignant features are associated with AME. In the latter case, local recurrences and distant metastases are expected. Malignant myoepitheliomas are generally low-grade neoplasms, but high grade examples do occur. Nevertheless, in the series referred to earlier in the text, no recurrences or metastases were observed in the 5 cases treated with mastectomy or quadrantectomy. By contrast, recurrences and lung metastases appeared in the case treated with lumpectomy only. Therefore, it appears that radical surgery is a crucial part of the treatment of AME, even in cases of malignant transformation.
Benign myoepithelioma
BM is a very rare spindle-cell tumor devoid of any glandular differentiation and it is regarded conceptually as the pure myoepithelial end of the differentiation spectrum among the more common adenomyoepitheliomas. 24, [52] [53] [54] [55] Histologically, even though it resembles smooth muscle tumors, it has the defining immunophenotype of myoepithelial cells. The neoplasm also shows histologic overlap with the "overgrown" spindled myoepithelial components of adenomyoepithelioma. BM should also be distinguished from myoepitheliosis, which is a multifocal, often microscopic proliferation of spindle to cuboid cells in the region of terminal duct lobular unit. 55 Breast BMs are circumscribed tumors, have no or only very rare mitotic figures, and show no atypical cytologic features. Immunohistochemistry and electron microscopy can help in differentiating myoepithelioma from other breast tumors (leiomyoma, spindle cell carcinoma, spindle cell sarcoma, myofibroblastoma, metastatic spindle cell melanoma) exhibiting spindle phenotype.
Pure myoepithelial neoplasms composed of polygonal rather than spindle phenotype do also occur, though their incidence is even lower than that of spindle cell myoepitheliomas. Histologically, they have a nodular or alveolar growth pattern with close resemblance to clear cell myoepithelial neoplasms of salivary glands.
The prognosis of BM is excellent. Only 1 case was reported to recur 3 times, 54 but no metastases are on record.
Malignant myoepithelioma/myoepithelial carcinoma
As described earlier in the text, areas of MM can appear in cases of AME. 2, 55 In addition, cases of pure MM (also termed myoepithelial cell carcinoma) without a precursor benign tumor 24 can rarely occur in the breast. Pure MM of the breast presents as a painless nodule/mass, affecting adult female patients. Morphologic features vary greatly. Most of the cases are composed of atypical, mitotically active spindle cells, with elongated eosinophilic cytoplasm. The spindled tumor cells appear to emanate from the myoepithelial cells of ductules entrapped in the periphery of the neoplasm. 24 Mitotic activity is usually not more than 4 mitoses per 10 high power fields. In addition, cases showing areas of epithelioid, clear, and plasmacytoid cells and cases with focal squamous differentiation have been described. 56, 57 On rare occasions, MM can present a predominantly intraductal growth pattern. 2 Rare cases of MM with oncocytic features have also been reported. 2, 58 Myoepithelial cell differentiation can be easily demonstrated by appropriate immunohistochemical markers. 56 The differential diagnosis of MM is broad and includes a variety of sarcomatoid carcinomas, fibromatosis, and other myofibroblastic lesions. The spindle tumor cells emanating from the ductular myoepithelial layer is the most useful feature in distinguishing MM from spindle squamous carcinoma because immunoreactivity of markers overlaps between the 2 tumor types. There is accumulating evidence that squamous, fibromatosis-like, and myoepithelial carcinomas are related and should be separated from spindle cell adenocarcinoma of epithelial origin. 24 A case of MM was associated with DCIS and IDC. 59 The same case, studied by means of comparative genomic hybridization, showed that the MM component had a number of chromosomal gains and losses lower than that of the ductal carcinomatous component. 60 Furthermore, it was demonstrated that the ductal component and the MM component shared an alteration on chromosome 17q, suggesting a common pathway of transformation. 60, 61 This hypothesis is further supported by the observation that myoepithelial cell differentiation can be observed in cases of IDC grade 3. [62] [63] [64] These latter cases are composed of markedly atypical cells, with large nuclei and prominent nucleoli, arranged in solid sheets with central necrosis. Immunohistochemistry can demonstrate focal areas of myoepithelial differentiation.
Prognosis of MM is generally poor, and local recurrences and metastases can appear when appropriate follow-up information is available. 5, 24 According to the data reported by Tsuda et al, 64 MM typically metastasizes to the lungs and brain.
Tumors devoid of myoepithelial differentiation comprise MEC, acinic cell carcinoma (ACC), and oncocytic carcinoma (OC). In addition, cases of polymorphous adenocarcinoma (PLA) have been added recently.
Mucoepidermoid carcinoma
MEC was originally described in the salivary glands by Foote and coworkers 65 as a tumor composed of basaloid, epidermoid, mucous, and intermediate cells. They recognized cases of low and high malignant potential. Since the original description, MEC has been encountered in several organs, including the breast. Low-grade MEC of the breast was originally described by Patchefsky et al in 1979. 66 Subsequently, the whole spectrum of MEC, low and high grade, has been reported to occur in the mammary gland. 2, 67 Despite the long time elapsed since its first description, MEC is still one of the rarest tumors of the mammary gland and our knowledge is based mainly on single case reports or short series. Curiously, MEC has been hardly mentioned in major textbooks of breast pathology. A recent review 67 lists only 28 cases reported to date in the data published in English language. All reported cases affected adult female patients aged 27-80 years.
Low-grade MEC ( Figure 5 ) can present as a solid or cystic, well circumscribed breast mass. When the tumor is located in the retro-areolar region, nipple discharge can be the first presentation. FNAC shows an admixture of mucous cells and cells with ample eosinophilic cytoplasm. 68 Correct cytologic interpretation of FNAC features may be difficult because of the rarity of mammary MEC. 
67,69
Histologic diagnosis is more difficult in cases of highgrade MEC, as typical features are not well defined. Cases of high-grade MEC reported in the published data more frequently present as solid tumors characterized on histology by a mixture of mucous-secreting cells, cells with evidence of epidermoid differentiation and intermediate cells. Difference with adenosquamous carcinoma is not always clear. In the World Health Organization book on breast pathology, 70 adenosquamous carcinoma and MEC are considered together. According to the criteria adopted in cases of salivary gland MEC, true keratinization, with squamous pearl formation, should exclude the diagnosis of MEC and favor the diagnosis of adenosquamous carcinomas. It is also important to remember that rare cases of mammary adenomyoepithelioma 71 and hidradenoma may show focal mucinous and squamous differentiation, mimicking MEC. 50 This is especially interesting in the light of the finding of the same translocation in MECs and in 50% of clear cell hidradenomas (see the preceding as well as the following paragraphs). Four cases of PA arising in salivary glands with mucinous and squamous differentiation have also been described. 69 Markers of myoepithelial cell differentiation (calponin and SMA) are negative in the neoplastic cells. These latter markers are useful to demonstrate the in situ component when it is present. At low power view the positivity for CK7 is mainly located at the center of the neoplastic nests, whereas CK14 positive cells are mainly located at their periphery. This immunohistochemical profile is quite similar to what was previously described in MEC of the salivary glands as "zoning pattern." 73 In contrast to salivary gland cases, MEC of the breast shows less frequent and less intense positivity for antimitochondrial antigen. Interestingly, the zoning pattern was maintained in the case of high-grade MEC included in the series of Di Tommaso et al. 69 A similar pattern was previously described by Luchtrach and Moll 74 who found that low molecular weight CKs were expressed mainly in mucous and "nonsquamous" cells, while the stratified-epithelium-type CKs 5, 6, 14, 16, and 17 were mainly detected in epidermoid cells.
Immunohistochemical staining for estrogen and PRs are usually negative. Only focal positivity for estrogen receptor is on record. 68 Low-grade salivary gland MEC is characterized by t(11;19) translocation being responsible for the CRTC1-MAML2 fusion oncogene. 75 Camelo-Piragua et al 67 described a case of mammary MEC that showed a partial deletion of the 11q21 which is the site of the MAML2 gene.
In salivary glands, presence of the fusion gene seems limited to low-grade MEC and related to a favorable clinical outcome. 75 The same concept cannot be applied in the breast as the case described by Camelo-Piragua et al 67 despite the tumor being predominantly intraductal with only a minor invasive component had a lymph-node metastasis. Nevertheless, more cases should be studied to really assess the prognostic value of this molecular alteration.
Grading of mammary MEC can be performed either according to the criteria applied to salivary gland tumors or according to Elston Despite the recurrence, the patient was alive, with no evidence of disease 156 months after surgery.
The morphologic features, together with the distinctive immunohistochemical profile and the description of the molecular alteration, favor the concept that MEC is a distinct neoplastic entity not only in the salivary gland but also in the breast.
Acinic cell carcinoma
ACC is defined in the salivary gland as a malignant epithelial neoplasm showing acinar cell differentiation, which is characterized by cytoplasmic zymogen secretory granules and immunoreactivity for amylase, lysozyme, and ␣-1 antichymotrypsin.
ACC of the breast was recognized originally by Roncaroli et al; 77 subsequently, only a few cases have been described [78] [79] [80] and recently reviewed. 81 All cases affected adult female patients. Interestingly, salivary gland acinarlike differentiation has also been documented in benign breast tissue in a patient who received neoadjuvant chemotherapy for IDC. 82 On histology, ACC of the breast is composed of large polygonal cells with centrally located round nuclei containing single prominent nucleoli. Neoplastic cells have abundant amphophilic cytoplasm filled with coarse granules, highlighted by PAS stain after diastase digestion. Ultrastructurally, intracytoplasmic granules have the same features as the electron dense granules present in the cytoplasm of acinar cells of the parotid. Focal areas of clear cell phenotype may also be present. Mitotic activity varies, but can be to a maximum of 15 mitoses per 10 high power fields. 78 The growth pattern of the tumor can be acinar, microglandular, microcystic, or solid ( Figure 6 ).
Differentiation toward serous acinar cells is demonstrated with immunohistochemical staining, because the neoplastic cells are positive for salivary gland amylase, lysozyme, and ␣-1-antichymotrypsin. They are also immunoreactive with EMA, S-100 protein, and focally with GCDFP-15. Estrogen and PRs and Her-2 are consistently negative.
ACC should be differentiated from secretory carcinoma of the breast. From the genetic point of view, ACC does not show the t(12:15) ETV6-NTRK3 rearrangement typical of secretory carcinoma. 81, 83 Axillary lymph node metastases were present in 3 cases; in addition, 2 cases developed metastases to distant organs (lung and liver). Nevertheless, none of the reported patients died of disease.
Oncocytic carcinoma
OC can be defined as a carcinoma composed of Ͼ70% oncocytic cells. 81, 84 OC can arise in several organs, including salivary glands and breast.
True OC should be distinguished from "mitochondrion rich" tumors. 81, 84 This distinction has been suggested by Tremblay and Pearse, 85 who stated that true oncocytes are characterized by numerous mitochondria occupying almost all the cytoplasm, whereas in mitochondrion rich cells mitochondria are grouped at one pole of the cell.
OC usually affects elderly female patients aged Ͼ60 years. One case has been described in a male patient. 86 According to the original descriptions, OC is characterized by a proliferation of cells with abundant eosinophilic, granular cytoplasm ( Figure 7A ). The nuclei are centrally located and show coarse chromatin and prominent nucleolus. The neoplasm may exhibit both solid and papillary architecture. Ultrastructural examination demonstrates that the cytoplasm of the neoplastic cells is packed with numerous mitochondria. On immunohistochemistry, they are strongly and diffusely positive with the antimitochondrial antibody. In addition, GCDFP-15 and EMA are frequently positive. The strong and diffuse positivity with antimitochondrial antibody ( Figure 7B ) is an important feature for the differential diagnosis, with breast carcinomas showing endocrine and apocrine differentiation. ER, PR, and Her-2 positivity are variable.
The number of OC of the breast reported in the published data is too low to reach conclusion about the clinico-pathologic spectrum. Ragazzi et al 87 reviewed a consecutive series of 84 mammary carcinomas to determine the incidence of OC. Immunohistochemical study was performed on all the cases with antimitochondrial antibody, and GC-DFP-15, chromogranin, ER, PR, AR, HER-2, CK7, CK14, EMA, and CD68 antibodies. Positivity for the antimitochondrial antibody was scored based on staining intensity This preliminary data indicate that the incidence of OC of the breast has been underestimated and that this type of carcinoma has distinct morphologic and immunohistochemical features suggesting that it constitutes a distinct entity.
Data presently available on prognosis and treatment are still scanty to reach any conclusion.
Polymorphous adenocarcinoma
Evans and Batsakis 88 described a malignant tumor arising in the intraoral minor salivary glands, very similar to lobular invasive carcinoma of the breast. Subsequent reports better defined the morphologic spectrum of this entity, leading to the term "polymorphous low grade adenocarcinoma (PLGA)" of salivary glands. 89 Although polymorphous low grade adenocarcinoma mainly affects the intraoral salivary glands, occasional reports describe it in the parotid, lung, skin, vulva, and vagina. Recently, Asioli et al 90 described 3 cases arising in the mammary gland. All 3 patients were adult females aged 37, 55, and 74 years, respectively. Tumors presented as firm nodules, ranging from 1.5 to 4 cm in maximum diameter.
On histology, the tumors showed a central solid area surrounded by a peripheral rim of alveolar and cribriform structures as well as single neoplastic cells arranged in "Indian file" (Figure 8A and B). Neoplastic cells had round, central nuclei. Atypical mitotic figures were frequent. No necrosis was present.
On immunohistochemistry neoplastic cells were strongly positive for BCL-2 ( Figure 8C ), whereas positivity for CK7 and E-cadherin was faint. Negative results were obtained with the following antibodies: EMA, CK14, CD117 (c-kit), HER-2, ER, and PR.
Differential diagnosis includes invasive lobular carcinoma and AdCC. Invasive lobular carcinoma should be excluded because CK7 is weakly positive, E-cadherin, even though faint, is still maintained, whereas ER and PR receptors are negative in PLA. AdCC should be excluded because PLA lacks the classic biphasic components of epithelial and basal-myoepithelial cells; in addition, CD117 is consistently negative.
Prognosis is difficult to establish as the number of the reported cases is very small. Case 1 of the original series died of widespread metastatic disease 3 years after diagnosis. Cases 2 and 3 were alive with no evidence of disease, but follow-up was limited to a few months. In view of the aggressive behavior demonstrated from case 1, at this stage, the term "low grade" should be avoided in cases occurring primarily in the breast. Further studies are necessary to determine the biology of PLA occurring in the breast. 
Conclusions
Salivary gland-type neoplasms of the breast are rare and include both benign and malignant tumors. In view of their rarity combined with broad morphologic spectrum, they often cause diagnostic dilemmas. Even though they are histologically analogous to the more common counterparts occurring in salivary glands, there are significant differences in their biological behavior. The correct diagnosis is important not only for prognostic purposes, but also for selecting the appropriate therapy. It is also important conceptually to try to place them in the relatively new, evolving "molecular classification" of breast tumors.
During the last decade, molecular studies coupled with a more detailed immunohistochemical characterization of breast tumors have lead to a new classification having important implications for clinical management and therapeutic options. Six main types of breast carcinomas are emerging, each having a specific morphologic and immunohistochemical profile 91 leading to specific therapeutic options. From the practical point of view, oncologists separate "luminal" and "basaloid" carcinomas. Basaloid carcinomas are characterized by a "triple negative" (negative for ER, PR, and HER-2) immunohistochemical profile. On H&E morphology, the "basaloid carcinomas" correspond more frequently to poorly differentiated, aggressive carcinomas.
However, breast tumors analogous to those occurring more frequently in salivary glands usually do not express ER, PR, or HER-2 amplification and in contrast to other "triple negative" basal-like breast carcinomas, some of them behave in a low-grade manner. Therefore, "triple negativity" in breast carcinomas does not automatically signal a highly aggressive neoplasm because some of the salivary gland-type breast carcinomas like AdCC, majority of malignant adenomyoepitheliomas, and low-grade MEC should be regarded as low-grade neoplasms. In these cases, aggressive chemotherapeutic treatments are unnecessary.
In summary, a careful and correct morphologic diagnosis of breast carcinomas of special types is important for correct management of the patients.
